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Introduction
Both LTE and NR intend to support lightly connected UE (inactive mode)[footnoteRef:2], which can be considered as an intermediate state between IDLE and CONNECTED modes, where the UE AS context is kept both at the UE and RAN, where the UE can still be seen as if it is in connected mode from the CN point of view and in IDLE mode from the RAN point of view[footnoteRef:3]. The advantage of operating in this mode is reduced signalling towards the CN and faster transition to CONNECTED mode as compared to IDLE-CONNECTED mode transitions, while maintaining the UE power saving advantages of IDLE mode. In addition, LTE Rel-13 supports Suspend/Resume feature which also reduces signalling overhead. [2:  The terms ”inactive”, ”suspended”, and ”lightly connected” are used interchangeably throughout this document.]  [3:  It is still FFS whether a UE’s inactive <-> connected mode transitions are hidden completely from the CN, from both CP and UP perspectives. The discussion in this document is on the RAN aspects and thus applicable to both cases (i.e. CN is aware of the inactive/connected state transitions or the state transitions are transparent to the CN) 
 ] 

In this contribution, we discuss issues to be addressed to support inactive mode or LTE Suspend/Resume in the context of MR-DC. 
Discussion
RRC suspend/resume in LTE
In LTE, when the network makes a decision to move the UE to inactive state, the eNB sends the UE an RRCConnectionRelease message with the release cause of rrc-suspend and it is also provided with a resumeIdentity. The UE stores the resumeIdentity and UE AS context (including the current RRC configuration, the current security context, the PDCP state including ROHC state, C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell;); re-establishes all RLC entities (both for SRBs and DRBs); and suspends all DRBs and SRBs except SRB0. 
When the UE later wants to resume the connection (in response to an UL data to be sent or a paging request for DL data), it sends an RRCConnectionResumeRequest message with the saved resumeIdentity. The eNB responds with an RRCConnectionResume message, which may include an optional radioResourceConfigDedicated IE that could be used to reconfigure the suspended bearers. The saved UE context is restored (considering also any additional reconfiguration info that might have been included in the radioResourceConfigDedicated), and data transmission/reception from/to the UE can be resumed. Note that the resume operation can be performed in an eNB other than the eNB that was serving the UE when the UE was suspended. In that case, the new eNB can perform a context fetch from the old eNB (as the resumeIdentity includes information about the old eNB/cell).
RRC suspend/resume in MR-DC
Consider an active UE operating in MR-DC mode and configured with MCG bearer(s), SCG bearer (split/no split) and/or MCG split bearer receiving and sending data through both LTE and NR. When the UE gets suspended due to inactivity, we assume a basic solution could be as below:
· The UE is directly ordered to suspended state. The UE will keep the existing bearer configuration but all DRBs would be suspended (as specified in TS 36.331 section 5.3.12) 
· During resumption of the connection, the UE releases SCG configuration (except for the DRB configuration) as per section 5.3.3.2 of TS 36.331.
· When UE resumes, the target node will re-configure all DRBs to become “normal” non DC DRBs (by using the radioResourceConfigDedicated IE in the RRCConnectionResume message) (as specified in TS 36.331 section 5.3.3.4a)

Alternatively, the source eNB can also release SCG and reconfigure all SCG bearers as MCG bearers before the UE is suspended. 
Though these are rather straightforward solutions that could be realized without additional specification work (i.e. they are already supported in LTE), they are very inefficient, especially in the case when the UE has been inactive only for a short duration and in scenarios where active<->inactive transitions happen frequently (which is not that uncommon). This is because the network might soon decide to put the UE in MR-DC mode, and the bearer modifications made upon resume were done in vain. Note that the bearer modifications are expensive because they involve not only radio signalling but also signalling via S1 as E-RAB modification indication has to be sent to the CN to indicate the new DL address of the bearer (as specified in TS 36.413). See the figure in Annex for illustration of the different signalling involved in the different procedures. In the depicted scenario, the UE resumes to the same eNB as it was suspended. Note that E-RAB modification and release procedure involves additional signalling not shown in the figure (e.g. between MME to SGW).
Thus, given the anticipated high frequency of inactive to active state transitions, it would be beneficial to optimize this procedure to prevent such unnecessary re-configurations.

[bookmark: _Toc490252037]It would be beneficial to optimize the RRC suspend/resume procedure in LTE and inactive/active transitions in NR to avoid unnecessary re-configurations of MR-DC

Currently, it is not possible to configure SCG cells and bearers in the RRC Resume message (the LTE RRCConnectionResume message contains an optional RadioResourceConfigDedicated IE, but that doesn’t include any DC related configuration). From the discussion above, it would be beneficial for performance reasons to support early configuration of DC. 
[bookmark: _Toc490252038]The LTE and NR RRC Connection Resume messages to include an optional SCG Configuration. 

Additionally,  when the UE operating in MR-DC gets suspended or is sent to inactive state, it will be beneficial to save the whole DC context. That way, the DC configuration can be restored without necessarily reconfiguring it from scratch later (either through a dedicated RRC Connection Reconfiguration message or with an the RRC Connection Resume message as per proposal 1 above). 

[bookmark: _Toc490252039]When a UE operating in MR-DC gets suspended or is sent to inactive state, the MR-DC context is saved both by the UE and the network.

In addition to signalling enhancements, one part of solving this problem of speeding up the setup of the NR leg can be achieved by configuring the UE for faster measurements, either during the inactive state, or immediately after transitioning to connected mode [1]. This would enable the MN to make a more informed decision regarding the restoration of the whole saved DC context. However, it is likely that it will take some time for such measurement reports to be received by the MN. Thus, it should also be discussed how the bearer configuration is to be handled in the transition period from resumption in MN until measurement report is received. 
Thus we propose:

[bookmark: _Toc490252040]RAN2 to discuss how the bearer configuration should be handled in the transition period from UE resumption until measurement report is received. 
Conclusion
In this contribution, we have discussed the handling of suspend/resume operations in the context of LTE-NR interworking and we have observed
[bookmark: _GoBack]Observation 1	It would be beneficial to optimize the RRC suspend/resume procedure in LTE and inactive/active transitions in NR to avoid unnecessary re-configurations of MR-DC
Proposal 1	The LTE and NR RRC Connection Resume messages to include an optional SCG Configuration.
Proposal 2	When a UE operating in MR-DC gets suspended or is sent to inactive state, the MR-DC context is saved both by the UE and the network.
Proposal 3	RAN2 to discuss how the bearer configuration should be handled in the transition period from UE resumption until measurement report is received.
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